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In this case there is a refracted wave of the ordinary kind, conveying away a part of the original energy. When, however, the second medium is the rarer (Fj> F), and the angle of incidence exceeds the so-called critical angle {sin"1 (F/Fj)}, there can be no refracted wave of the ordinary kind. In what-ever direction it may be supposed to lie, its trace must necessarily outrun the trace of the incident wave upon the separating surface. The quantity a*, as denned by our equations, is then imaginary, so that (13) and (14) no longer express the real parts of the symbolical expressions (5) and (6).
If — iai be written in place of 0,1 , the symbolical equations are
._
a —
from which, by discarding the imaginary parts, we obtain
2e), ........................... (18)
where
tane = a//ft .................................. (20)
Since x is supposed to be negative in the second medium, we see that the disturbance is there confined to a small distance (a few wave-lengths) from the surface, and no energy is propagated into the interior. The whole of the energy of the incident waves is to be found in the reflected waves, or the reflexion is total. There is, however, a change of phase of 2e, given by (20), or in terms of F, V^ , and 6,
................ (21)
The principal application of the formulae being to reflexions when the second medium is air, it will be convenient to denote by /A the index of the first medium relatively to the second, so that p = F1(/ F. Thus
tan e = V{tan2 0 - sec2 0//A2} ....................... (22)
The above interpretation of his formula sin (61 — 0)/sin (Bi + 0), in the case where ^ becomes imaginary, is due to the sagacity of Fresnel. His argument was perhaps not set forth with full rigour, but of its substantial validity there can be no question. By a similar process Fresnel deduced from his tangent-formula for the change of phase (2e') accompanying total reflexion when the vibrations are executed in the plane of incidence,
tane' = ^V{M2tan20-sec20} ...................... (23)
The phase-differences represented by 2e and 2e' cannot be investigated experimentally, but the difference (2e'-2e) is rendered evident when the incident light is polarized obliquely so as to contribute components in both the principal planes. If in the act of reflexion one component is retardedThe most marked effect is the relative retardation of one polarized component with respect to the other. At an angle of about 75° this retardation amounts to a quarter-period.
